Introduction
Trigeminal neuralgia is characterized by paroxysmal facial pain. 1 Dandy 2 reported that this condition is caused by vascular compression of the trigeminal nerve in the posterior fossa, and Jannetta 3 described treatment by microvascular decompression. The vessel causing compression of the nerve is often the superior cerebellar artery, 4 but in some cases compression is caused by a trigeminocerebellar artery (TCA) with an unusual course. [5] [6] [7] [8] Vessel transposition techniques have been developed to relieve external compression of the nerve. 9 However, management of trigeminal neuralgia caused by an intraneural artery has rarely been reported, 10, 11 and the optimal treatment strategy for this condition remains unclear. We describe a unique case of trigeminal neuralgia caused by an intraneural spiral TCA with compression of the trigeminal nerve in multiple places.
Case Report
Our patient was a 70-year-old woman with a 5-year history of typical trigeminal neuralgia, with paroxysmal lancinating facial pain in the area supplied by the second division of the right trigeminal nerve. She described the pain as sharp and like an electrical shock, lasting from a few seconds to a minute. The trigger zone was over the right infraorbital foramen. Her symptoms were initially well controlled by carbamazepine, but the frequency and severity of episodes gradually increased. Thin-cut magnetic resonance imaging (MRI) showed compression of the right trigeminal nerve in the cerebellopontine cistern by the right TCA (►Fig. 1). MRI and cerebral angiography showed a fusiform aneurysm of the right vertebral artery that had no relationship with the trigeminal nerve (►Fig. 2).
We performed proximal trapping of the aneurysm following extra-intracranial bypass, with anastomosis of the occipital artery to the posterior inferior cerebellar artery. Craniotomy was performed via the lateral suboccipital approach. After completion of surgery for the aneurysm, we approached the root entry zone of the trigeminal nerve along the transverse-sigmoid junction with gentle cerebellar retraction. Initially, it appeared that the TCA compressed only the superior aspect of the trigeminal nerve. However, arachnoidal dissection around the artery-nerve complex revealed that the
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The trigeminocerebellar artery (TCA) is a branch of the basilar artery that may have an intraneural course and may cause trigeminal neuralgia. We report a case of trigeminal neuralgia with right vertebral artery aneurysm caused by an intraneural TCA that compressed the trigeminal nerve in multiple places. We performed proximal trapping for the fusiform aneurysm with extra-intracranial bypass to preserve flow of the posterior inferior cerebellar artery, followed by microvascular decompression that successfully changed the course of the TCA. This procedure provided relief from the neuralgia without direct bisection of the trigeminal nerve that may cause severe nerve injury. Reshaping of the course of the artery can achieve good pain relief.
TCA twisted around the trigeminal nerve like a corkscrew and passed between the sensory (portio major) and motor (portio minor) roots of the nerve (►Fig. 3A-C).
12 Multiple indentations of the trigeminal nerve were observed (►Fig. 3C). The TCA was gently straightened and mobilized, and its course was reshaped to avoid compression of the trigeminal nerve (►Fig. 3D). The TCA was then attached to the dura with Teflon felt and fibrin glue. A piece of Teflon felt was also interposed between the intraneural portion of the TCA and the trigeminal nerve. Postoperatively, the patient's trigeminal neuralgia symptoms resolved immediately.
Discussion
During surgery for trigeminal neuralgia, the vessel causing compression can usually be identified. The superior cerebellar artery is responsible for 75% of cases. 4 In some patients an unusual course of the TCA, a branch of the basilar artery, causes compression of the trigeminal nerve. [5] [6] [7] [8] In cadaveric studies, the reported frequency of a close relationship between the TCA and the trigeminal nerve is 2.3 to 13.3%.
5,7,13
The TCA sometimes twists around or encircles the trigeminal nerve 7 and may thereby cause trigeminal neuralgia. The TCA has been reported to penetrate the root entry zone of the trigeminal nerve in some patients with trigeminal neuralgia, but the prevalence of this configuration is unknown.
5,7
The reasons for the development of such intraneural vessels are not clear. During neural differentiation, the ophthalmic and maxillomandibular nerves fuse before development of the three divisions of the trigeminal nerve. It may be that the vessels get trapped between the nerves during the fusion process, resulting in an intraneural course.
14
Intraneural vessels are very difficult to treat because aggressive surgery can lead to severe complications.
10,11,14
Helbig et al 14 reported that intraneural veins were exposed during 2% of microvascular decompression procedures. Only two previous reports have described patients with trigeminal neuralgia associated with an intraneural artery. 10, 11 This is the first report of a patient who underwent surgery for trigeminal neuralgia caused by a spiral intraneural TCA with compression of the nerve in multiple places. Two previous reports including 11 patients described trigeminal neuralgia caused by intraneural veins.
11,14 The offending vein was sacrificed in nine patients, and the other two patients were treated by interposition of Teflon implants between the vein and the nerve. Facial pain was relieved in all patients, but three developed facial numbness and one developed dense corneal hypoesthesia. Patrick 10 reported a patient with trigeminal neuralgia caused by an intraneural anterior inferior cerebellar artery who was treated by separation of the trigeminal nerve from the artery. Postoperatively, the patient was pain free for 6 months but required subsequent percutaneous thermocoagulation of the trigeminal nerve to control recurrent pain. Zheng et al 11 reported three patients who were treated by wrapping the intraneural artery with a piece of Teflon sponge. These patients all experienced resolution of their pain, but one developed facial numbness. If the vessel causing trigeminal neuralgia is a major artery, as in our patient, it is very challenging to perform dissection around the artery. 11, 14 If the spiral course of the vessel causes both internal and external compression of the nerve, wrapping of the intraneural portion with Teflon felt may be insufficient and may even lead to exacerbation by increasing the compression. In our patient, we straightened the TCA and changed its course, thereby resolving the complex combination of external and intraneural compression. This surgical technique did not require an invasive procedure such as enlargement of the passage by direct bisection of the trigeminal nerve, and the patient's facial pain was relieved with no complications.
To confirm the safety of this procedure, further data should be collected to clarify the pathologic role of intraneural arteries in trigeminal neuralgia and the perioperative complications and postoperative recurrence rate.
Conclusion
We present the first reported case of trigeminal neuralgia caused by multiple areas of compression by an intraneural spiral TCA. This condition seems difficult to treat using standard microvascular decompression techniques, and aggressive surgery carries a risk of nerve injury. Pain relief was safely achieved by reshaping the course of the artery.
